Abstract
Biosolids could potentially be used for reforestation of degraded soils in New Zealand with native vegetation. Many native plant species of New Zealand thrive in low-fertility soils, and there is scant knowledge about their nutrient requirements. Therefore, it is unclear whether they will respond positively to the addition of biosolids. We used a pot trial to determine the responses of 11 native plant species to biosolids addition (10% w/w, ~90 Mg hm −2 ) on two distinct degraded soils, Lismore stony silt loam and a Kaikōura sand. We also intended to prove that the soil microbial activity improves with the addition of biosolids, depending on the plant species. All species grew better in Lismore stony silt loam than the Kaikōura sand. All species in the Lismore stony silt loam responded positively to biosolids. The response to biosolids addition in the Kaikōura sand was variable, with four species showing no improvement in growth when biosolids were added. The nutrient status (N, P, S, Cu, and Zn) of all species improved when the two soils were amended with biosolids. However, some plant species, especially Pittosporum tenuifolium Sol. ex Gaertn. and Coprosma robusta Raoul, showed concerning concentrations of Cd (up to 2.4 mg kg −1 ). Dehydrogenase activity of soils (indicator of soil microbial activity) increased in biosolidsamended soils, with a strong species effect. Future work should involve field trials to determine the effect of biosolids addition on the establishment of native plant communities.
Potential Use of Biosolids to Reforest Degraded Areas with New Zealand Native Vegetation
María Jesús Gutiérrez-Ginés,* Brett H. Robinson, Juergen Esperschuetz, Engracia Madejón, Jacqui Horswell, and Roger McLenaghen S oil degradation is a global environmental issue affecting up to 6 billion ha (Gibbs and Salmon, 2015) . In New Zealand (NZ), some 2.5 million ha of soil are formerly or currently under pine plantation. Due to the falling price of pine (Pinus L. spp.) timber, there is little incentive to replant these degraded soils in pine forests. Former pine forest soils have low organic matter (OM) and nutrients contents. Plantations with non-native species can decrease OM, and harvesting plantations can result in the near-total loss of topsoil ( Jurgensen et al., 1997; James and Harrison, 2016) . Potentially, the restoration of such degraded soils could be achieved through the addition of exogenous OM (Meyer et al., 2004) .
In countries with wastewater treatment facilities, the average fresh sludge production per capita is ~52 kg yr −1 , which results in a global output exceeding 10 Tg yr −1 (Bradley, 2008) . Studies about land application of sewage sludge and treated municipal wastewater started in the early 1960s Pennsylvania State University. These studies demonstrated the benefits of reusing and recycling those materials on soil physical, chemical, and biological properties (Sopper and Kardos, 1973) . Biosolids is a term coined in the United States that is typically used to describe several forms of treated sewage sludge that is intended for agricultural use as a soil conditioner. This treated sewage sludge-or biosolids-can improve the nutrient status of soils and enhance the growth of plants and microbial communities (Singh and Agrawal, 2008) . Biosolids have been used worldwide to establish herbaceous native vegetation on degraded soils, such as fire-affected forests (Meyer et al., 2004) , quarries (MorenoPeñaranda et al., 2004) , areas with mine activities (Borden and Black, 2011; Montiel-Rozas et al., 2015) , overgrazed grasslands (Newman et al., 2014) , and urban and industrial areas (Walter and Calvo, 2009) . New Zealand produces ~500,000 t of dewatered biosolids per year. Some 60% of these biosolids are landfilled, 10% are discharged in oceans, and only 30% are applied to land (ANZBP, 2016) , despite the NZ waste strategy that states that 95% of biosolids should be beneficially reused (Bradley, 2008) . Historically, biosolids have been applied to pine plantations, where they accelerate growth at the expense of wood quality (Wang et al., 2004 (Wang et al., , 2013 Xue et al., 2015) .
By definition, restoration involves putting back what was there previously as completely as possible (Bradshaw, 1984) . This implies that native species are required for restoration. Several studies (Kelty, 2006; Chazdon, 2008; Funk et al., 2008; Bremer and Farley, 2010) have highlighted the importance of using a diverse range of native species to increase the invasion resistance (Funk et al., 2008) , biodiversity (Bremer and Farley, 2010) , and the productivity and heterogeneity in stratification of canopies and roots systems (Kelty, 2006) . Chazdon (2008) reported that reclamation and planting with native species is generally the best way to recover biodiversity and ecosystem services in highly degraded lands.
Many regions in NZ are depauperate in native species. For example, just 0.5% of the Canterbury region is under native vegetation (Ecroyd and Brockerhoff, 2005) . There is increasing interest in restoring degraded lands in NZ to native vegetation, which can have economic (Franklin et al., 2015) as well as environmental values (Meurk, 2008; Franklin et al., 2015) . Potentially, NZ's degraded lands could be restored to native vegetation using biosolids . However, it is unclear whether NZ native species will respond positively to elevated concentrations of plant macronutrients and trace elements. There is a paucity of information on the nutrient requirements of NZ native species. Franklin et al. (2015) reported that Kunzea robusta de Lange & Toelken (kānuka), Carex virgata Sol. ex Boott (swamp sedge), Cordyline australis (G. Forst.) Endl (cabbage tree), and Austroderia richardii (Endl.) N.P. Barker & H.P. Linder (toetoe) responded positively to N (200 kg hm −2 eq.), but Leptospermum scoparium J.R.Forst. & G.Forst. (mānuka) did not. Dickinson et al. (2015) reported that biosolids improved the growth of Grisilinea littoralis Raoul (kāpuka) and Kunzea robusta, but not Dodonaea viscosa Jacq. (akeake).
The addition of biosolids may also result in increased uptake of trace elements, particularly Zn and Cd (Gartler et al., 2013) . Whereas Zn is an essential element that is deficient in many environments, Cd is a nonessential element that may enter food chains and detrimentally affect ecosystems (Madejón et al., 2004) . Dickinson et al. (2015) concluded that biosolids had a negligible effect on the trace element concentrations in the foliage of native plants, given the responses of five species in an acidic, low-OM silt that was formerly under pine forestry.
We hypothesize that the addition of biosolids to poor soils could have contrasting effects on NZ native plants, many of which are adapted to low-fertility soils. Given the results of Dickinson et al. (2015) , we hypothesize that biosolids addition will not lead to excessive concentrations of trace elements in the leaves of NZ native species. We also expect an improvement in soil microbial activity (measured by dehydrogenase activity) in biosolids-amended soils.
We aimed to determine the growth and elemental concentration profiles of 11 NZ native species in two distinct low-fertility soils. We sought to evaluate the performance of candidate species for the reforestation of degraded soils.
Materials and Methods

Collection of Soils and Biosolids
We selected two low-fertility soils, an Orthic Brown Soil (S1) (Hewitt, 2010 ) from a recently milled Pinus radiata D. Don. plantation in the former Eyrewell Forest, 26 km southeast of Oxford, Canterbury (43°43¢87.11¢¢ S, 172°45¢30.79¢¢ E). The second soil (S2) was a sand under exotic legumes some 5 km north of Kaikōura, Canterbury (42°21¢37.7¢¢ S 173°41¢28.1¢¢ E). Some 400 kg of each soil were collected by removing any surface vegetation and sampling from the top 40 cm. The soils were homogenized and passed through a 20-mm sieve to remove stones while maintaining soil aggregates and structure. Subsamples of both soils were taken for chemical analyses (Table 1 ). Both soils have low concentrations of OM and plant nutrients. Soil 1 is acidic, whereas S2 is slightly alkaline.
Biosolids were collected from a stockpile at the Kaikōura Regional Treatment Works at Kaikōura, Canterbury. Before stockpiling, the biosolids went through an initial treatment of sedimentation and anaerobic digestion in settlement ponds. The biosolids were collected from eight different locations across the pile and bulked. The biosolids (with a water content of 50%) were homogenized and passed through a 20-mm sieve. Table 1 shows the chemical properties of the biosolids.
Selection of Plant Species
The criteria for selecting the native plant species were: (i) hardy species able to grow in open areas, (ii) common in diverse environments and soil conditions, (iii) dry tolerant, and (iv) culturally or economically important (Metcalf, 1991; Salmon, 1991; Crowe, 1997; DOC, 2005 Table 2 shows the vernacular names of these plant species, the family, and the growth type. In Table 2 , plant species are divided into monocots and dicots. We selected Zea mays L. as a reference species because its response to biosolids addition is well documented.
Experimental Setup
Biosolids were manually mixed with soil in a proportion of 10% fresh weight (50% moisture, ~90 Mg hm −2 fresh biosolids, ~45 Mg hm −2 of dry biosolids). According to Walter and Calvo (2009) , this is an optimal rate for biosolids addition in degraded soils. Pots were filled with 2.5 kg of soil or biosolids-amended soil. The 2.5-L pots (170 ´ 155 mm) had holes in the base. A mesh was set in the bottom to avoid losing soil while facilitating draining. Each plant species was grown in each soil without biosolids (S1 and S2) and each soil with 10% (w/w) biosolids (S1+B, S2+B). Five replicates per treatment and plant species were established. In the case of Z. mays, six replicates per treatment were included. The 244 pots were placed in a randomized block design in the plant growth facilities at Lincoln University (43°38¢42¢¢ S, 172°27¢41¢¢ E). The temperature in the greenhouse ranged between 9 and 20°C during night time (10:00 PM until 6:00 AM) and between 14 and 28°C during the day time.
New Zealand native species were acquired from Waiora Nursery (http://www.waioralandscapes.co.nz) and the Department of Conservation of NZ Nursery, Motukarara (http://www.doc.govt. nz/our-work/motukarara-conservation-nursery/). Plants had an average height of 15 cm. Before planting, roots of plants were washed in tap water to remove as much of the original growth substrate as possible. Plants were watered daily to field (pot) capacity. When the soil in the pots was visually very dry between consecutive irrigation times, the plants were harvested. The growing times for each species were Z. mays: 4.5 wk; M. laetum and H. salicifolia: 9 wk; C. robusta and O. leptophyllus: 15 wk; A. richardii: 19 wk; C. australis, C. acerosa, P. tenuifolium, and P. tenax: 22 wk; P. cookianum: 6 mo; O. paniculata: 6.5 mo.
At the end of experiment, aboveground parts were cut, washed in tap water, rinsed with deionized water, and oven dried at 65°C for 1 wk. Leaves were separated from stems and stored for chemical analyses. In the case of C. acerosa, which produced fruits during the experiment, fruits were separated and sampled individually. Root weight was not included in this study because, in general, root biomass is highly correlated with shoot biomass. Only when there is a severe nutrient deficiency do root:shoot ratios change significantly (Hodge, 2009) . Root chemical analyses were not included for this study, and we prioritized leaf analysis. Leaves are commonly used to study the nutrient status of plants, as well as the risk of trace elements entering the trophic networks, and so it is easier to compare with other results in the literature. Samples were weighed and ground and passed through a 500-mm stainless-steel sieve. The rhizosphere soil (which is attached to the roots) was also collected to determine the dehydrogenase activity.
Chemical Analysis
Ammonia and nitrate concentration in soils, biosolids, and amended soils were determined in fresh samples, sieved through 2 mm at the beginning of the experiment. To determine NH 4 + and NO 3 − concentrations, samples were extracted with KCl (Clough et al., 2001 ) and analyzed with a Flow Injection Analyzer (FOSS FIAstar 5000). The samples of soil, biosolids, and amended soils were later dried at room temperature and analyzed for pH in 1:2.5 soil-water ratio, electrical conductivity, pseudo-total concentration of elements (acid digestion in the microwave [CEM MARS Xpress] Olsen et al., 1954) , and total C and N concentration with an Elementar Vario-Max CN Elemental Analyzer. Dehydrogenase activity (DHA) was analyzed in the fresh rhizosphere soil following the method described by Alef (1995) .
Plant material was analyzed for N and C using the CN Elemental analyzer. Mineral nutrients (P, K, Ca, Mg, and S) and trace elements (As, Cd, Cu, Pb, and Zn) were extracted by acid digestion the microwave CEM MARS Xpress according to the equipment specifications for plant extraction. Analysis of mineral nutrients and trace elements in the extracts of soil and plants were determined by the ICP-OES and expressed on a dry-weight basis.
The microwave extraction method was assessed using a reference soil (reference 981, sandy soil from the Netherlands) and a reference plant sample (reference 952, mixture of grasses from the Netherlands) from Wageningen Evaluating Programs for Analytical Laboratories (WEPAL, NL-6700 EC Wageningen, the Netherlands). We obtained recoveries between 85 and 120%.
Statistical Analysis
Data of dry weight and element concentration in plants were compared in each species between the four treatments by ANOVA and post hoc multiple comparison testing (LSD test). When hypothesis of normality and homoscedasticity were not fulfilled, data were log transformed. Standardized data of dry weight and the foliar concentrations of N, S, P, Ca, Mg, Na, K, Mn, Zn, Cu, and Cd were analyzed using a principal component analysis (PCA). Averages of the PCA results in each species and treatment were calculated and represented in the figures. Statistics were performed using Statgraphics Centurion XVII.
Results and Discussion
Plant Growth
The growth of all plant species (measured as dry weight in the end of the experiment) increased in S1 amended with biosolids ( Fig. 1) . Compared with S1, the dry biomass increase in S1+B ranged from 25 (O. paniculata) to 95% (P. cookianum). None of the native species responded as well as Z. mays (500% increase), which may reflect the high nutrient requirements of this crop plant (Bozkurt et al., 2006) compared with the native species, which generally grow on poorer soils (Wardle, 1991) .
Given that the percentage increase in OM and nutrients was higher in S2 than S1 (Table 1 ) after biosolids addition, we would expect a greater plant growth response in this soil than in S1. In the case of P. tenuifolium, M. laetum, C. australis, P. tenax, C. robusta, and O. paniculata, as well as our reference species Z. mays, the percentage increase in biomass in the S2+B compared with the S2 was significantly greater than the corresponding increase when biosolids were added to S1. However, in contrast with our hypothesis, there was no significant increase in the biomass of P. cookianum, O. leptophyllus, C. acerosa, and H. salicifolia.
For these species, the dramatic pH decrease and salinity increase caused by the biosolids addition (Table 1) could have negatively counteracted the positive effect caused by the nutrient addition.
Whereas Dickinson et al. (2015) reported negligible biomass increases for native plants grown in biosolids-amended soil, our study showed that most species responded positively to biosolids addition, but that this response was soil dependent. In our experiment, the only species in common with those used by Dickinson et al. (2015) was P. tenax. In our study, P. tenax responded positively to biosolids in both S1 and S2, underlining the importance of soil type on the plant response to biosolids.
Many authors (Moreno-Peñaranda et al., 2004; Walter and Calvo, 2009 ) have shown that the plant communities established on degraded soils using biosolids are distinct from the communities that would spontaneously occur if biosolids were not added. The competition between species is also different when biosolids are added, and sometimes the better competitors in such remediated areas are not the desired species for the remediation (Borden and Black, 2011) . In our study, the exotic Z. mays was the fastest growing plant in the S1+B and S2+B treatments. According to Borden and Black (2011) , biosolids addition could increase the growth of exotic species, many of which are more adapted to high-fertility environments than the native species, which may lead to increased problems with weeds in sites restored using biosolids. Native species that usually show positive interactions (ecological facilitation) could become competitors when the nutrient status in soils is improved (Liu et al., 2013) . These findings suggest that further research with assemblages of native plants in field conditions is needed to evaluate community dynamics in restoration with biosolids. Tables 3 and 4 show the elemental concentrations of plant leaves. The concentrations of N, S, and P in plant species were in most of the cases below the normal values for plants (1-5, 0.1-0.5, and 0.3-0.5% for N, S, and P respectively) reported by Marschner (2012) when they grew in soils without amendment. However, these values increased significantly in all plant species when biosolids were added to the two soil types, reaching values similar to those reported by Dickinson et al. (2015) . Those authors studied the nutritional status of 11 NZ native species grown in the same nursery where the plants of this study come from and others collected from two areas with different degrees of habitat alteration. Their results indicate that there are limiting nutrients in both soils, which are supplemented by biosolids addition. Nitrogen, P, and S were significantly higher in the biosolids treatment (Table 1 ). The concentrations of these nutrients in Z. mays leaves were lower or similar in S1+B than in S1 (Table 3 ). This could be caused by a dilution effect, due to the small size of control plants. When the total uptake is calculated (data not shown), the N, P, and S mass extracted is significantly higher in S1+B than in S1. In S2, the concentration of these nutrients is higher with the application of biosolids. Even in biosolids-amended soils, the nutrient concentration does not reach the values reported by Bozkurt et al. (2006) , who grew corn in up to 38 Mg hm −2 biosolids-amended soil. Nitrogen and P concentrations in biosolids used by Bozkurt et al. (2006) were similar to the concentrations of those nutrients in the biosolids that we used in our study.
Plant Nutrition
Calcium, K, Mg, and Na concentrations in plants were dependent on species, soil type, and element (see the Supplemental Material for detailed results of chemical analysis). Concentrations of Ca, K, Mg, and Na in both soils were unaffected by the addition of biosolids (Table 1) ; therefore, the changes in concentration of these elements is due more to general nutrient requirements and nutrient ratios of each species (Marschner, 2012) than to the addition of biosolids. 
Trace Elements
The Cu concentrations in leaves of C. robusta, C. acerosa, P. tenuifolium, P. tenax, P. cookianum, O. paniculata, and H. salicifolia growing in S1 and S2 were <2 mg kg −1 , which is the Cu concentration required by most plants for normal growth (Marschner, 2012) . Concentrations increased to the normal levels reported by Marschner (2012) and Dickinson et al. (2015) in the S1+B and S2+B. Only O. paniculata grown in biosolidsamended soils had higher Cu concentration than in natural habitats . These concentration increases are consistent with the increase in extractable Cu in the biosolidsamended soils (Table 1) .
In all cases, plants in the biosolids treatment had significantly higher foliar Zn concentrations than the controls. As with Cu, this increase in foliar Zn follows an increase in the extractable Zn in soil (Table 1) . The Zn concentrations in O. paniculata, A. richardii, M. laetum, P. cookianum, and H. salicifolia growing in nonamended soils were <20 mg kg −1 , a range considered by Marschner (2012) to be deficient. However, in the biosolids treatments, the Zn concentration increased to levels higher than those found for the same species in nursery and natural habitats , even levels that may be toxic for plants (>100 mg kg −1 ; Chaney, 1989) or for livestock (>300 mg kg −1 ; Chaney, 1989) . Although biosolids slightly increased Cd total and extractable concentration in soils (Table 1) , many of the plant species in our experiment accumulated this element at high rates. This concentration did not reach toxic levels for plants (>5 mg kg −1 ; Chaney, 1989) in any species. However, P. tenuifolium, C. robusta, P. cookianum, O. leptophyllus, and C. acerosa in leaves and fruits and H. salicifolia, C. australis, and P. tenax growing in biosolids-amended soil reached Cd concentrations that exceeded the safe levels for livestock (0.5 mg kg −1 ; Chaney, 1989) . In accordance with Hahner et al. (2014) and Dickinson et al. (2015) , P. tenuifolium and C. robusta are the species with the highest Cd concentration in leaves.
Although Mn total concentration in biosolids-amended soils was similar to that in nonamended soils, the exchangeable fraction increased by biosolids addition (Table 1 ). The Mn concentration was higher in aerial parts of most of the species growing in biosolids-amended soils. Six species grown in S1+B reach values that could be considered phytotoxic (>400 mg kg −1 ; Chaney, 1989) . Coprosma acerosa even could be a problem for livestock.
The behavior of Z. mays regarding trace element concentration was not very different from that of the native species. The Cu concentration was in the normal range for plants, according to Marschner (2012) , and similar to the values reported by other authors who grew corn in biosolids-amended soils (Granato et al., 2004) . The Mn was higher in the treatments with biosolids, but values did not reach the toxic levels for plants or livestock. Zinc and Cd concentrations increased significantly in the treatments with biosolids in both soils. The Cd concentration of 0.2 mg kg −1 is lower than that considered to be toxic for plants (>5 mg kg ; Chaney, 1989) . However, plants did not show toxicity symptoms. Other authors have not reported signs of toxicity when corn accumulated high Zn concentrations due to biosolids addition ( JarauschWehrheim et al., 1999; Granato et al., 2004) , even at higher rates than the one we chose for this experiment.
Trace element concentration in the shoots can limit the use of these plants amended with high doses of biosolids for restoration of degraded areas. In this experiment, biosolids acidified the soil (especially S2), thereby increasing the solubility of cations. Biosolids also added OM, which can reduce cation mobility. These two effects are element dependent. However, other studies (Madejón et al., 2006; Ciadamidaro et al., 2015) have shown that Cd uptake in the field in biosolids-amended soil is often lower than in pot trials.
Principal Component Analysis
The general response of plants to biosolids addition in both soils was investigated by a PCA, which included the dry weight table 4. nutrient and trace element concentration (average, n = 5) in leaves of dicot species growing in soils with (s1+B and s2+B) and without (s1 and s2) biosolids. Different letters in each column of each species indicate significant differences at 95% of probability. and elemental composition of all NZ-native plant species (Fig. 2) . Zea mays was omitted from the analysis because there was a large difference in its response to biosolids, which masked differences between the native species. The first component separated the points without biosolids from those with biosolids addition. The variables with the highest weight in this component were Zn, Cd, Mn, P, N, and Cu, followed by S, Ca, and Mg. The second component differentiated the points depending on the Na concentration, followed by the K, S, and Cu concentrations in the positive part of the axis, and the Mn, Cd, and Zn concentrations in the negative part of the axis. This second component was more related to differences in species behavior than biosolids addition. Although salinity of biosolids was high and they produce and increase in soil salinity when added (Table 1) , the Na concentration in plants did not change with biosolids addition. Dry weight of plants was a low-weight variable in both components.
The behavior of plant species is represented according to their average PCA values in both soils (Fig. 3) . Each arrow represents a single species. The arrows indicate the change from the average PCA value in the treatment without biosolids to the average PCA value in the treatment with biosolids. The PCA shows that all species in both soils significantly increase in Component 1 when biosolids were added to soils. This indicates that all species increase their concentration of macronutrients such as N, P, and S and trace elements Mn, Zn, Cd, and Cu when biosolids were added, even those species that did not show great differences in biomass production due to the biosolids addition in S2. In accordance with Hahner et al. (2014) , the native monocots show a pattern of lower concentration of nutrients than the dicots in S1 (Fig. 3) . This difference was more pronounced in plants growing in biosolids-amended soil and was consistent with a higher nutrient requirement in dicots. If this is the case, then dicots may outperform monocots in native plant communities that are amended with biosolids.
The contrasting behavior of the species in each soil is shown in Component 2 (Fig. 3) . This component separates species depending on their Na and K concentration (e.g., M. laetum, which was the species with the highest concentration of those nutrients). It also separates species depending on their response to biosolids addition, according to the relationship between Mn, Zn, and Cd increase and S and Cu increase. Figure 3 shows that the response of plants to biosolids addition was more species dependent in S2 than in S1.
The species with the highest differences in Component 2 in S1 compared with S1+B are P. tenuifolium, C. robusta, C. acerosa, and C. australis, followed by A. richardii and P. cookianum. In S2, C. robusta, P. tenuifolium, and Cordyline australis are more related to the negative part of Axis 2, meaning higher increase in dry weight and Mn, Zn, and Cd concentrations. The rest of species present an increase in Component 2 values in S2+B compared with S2, meaning higher Cu, K, and S concentrations compared with trace elements. This indicates which species concentrate the elements Mn, Zn, and Cd when biosolids are added in each soil type. 
Dehydrogenase Activity
Dehydrogenase activity is frequently used as a general measure of viable microorganisms in degraded soils (Gil-Sotres et al., 2005) . Figure 4 shows the effect of the biosolids on values of DHA in the rhizospheres of the different species in both soils. In S1, biosolids improved microbial activity in the rhizosphere of all the species (except for C. acerosa). In S2, the activity in the rhizosphere of all the species without amendment was almost null (Fig. 4) , demonstrating the poor microbiological state of the original soil. Biosolids addition to this soil increased DHA to levels approaching S1. Many authors have shown the positive effect of biosolids on this activity in degraded soils (Pérez de Mora et al., 2005) . Trace elements in the biosolids may be toxic to the soil biota (Obbard, 2001 ) and thereby offset the positive effects of the root system and OM addition (Pérez de Mora et al., 2005) .
Conclusions
All NZ-native species tested benefited, in either growth or nutrient status, from biosolids addition to low-fertility soil. The growth responses were soil dependent, with 4 of the 11 species showing no increased growth rate in one of the biosolidsamended soils. The addition of biosolids into degraded soil could improve and accelerate the growth and establishment of the native plants tested. In the cases of P. tenuifolium and C. australis, the use of biosolids (or other fertilizer) would be a basic requirement if these species were to be planted in very low-fertility soils. Although most native species showed a positive response to biosolids, the response of Z. mays, a nutrient-demanding crop plant, was much greater. Using biosolids for ecological restoration may exacerbate problems with exotic weeds or even change relationships between native species. Field trials are required to investigate this, as well as the long-term consequences of applying biosolids to NZ-native vegetation. In particular, the concentrations of Cd in certain species (P. tenuifolium and C. robusta) should be monitored because these species may facilitate the entry of this toxic element into the food chain. In the case of using the biosolids described in this research, lower rates of application would be desired to decrease the risk of accumulating trace elements in leaves of native plants.
